In the current study investigated the protective effects of citrus based mixture drinks (CBMDs) using oxidative stress in human dermal fibroblast (HDF) cells and restraint-stressed rats. The CBMDs contained citrus bioflavonoids including narirutin and hesperidin. The cell viability of HDF cells treated with H 2 O 2 was observed at 53.9% but treated with CBMD-1 and CBMD-2 (500 lg/ mL) on H 2 O 2 exposed HDF cells significantly increased the relative cell viability at 65.0 and 72.2%, respectively. In the treadmill test, the time spent on the electrode plate in the restraint-stressed group was analyzed 24.1 s, but restraint-stressed rats with administered CBMDs (300 mg/ kg) had significantly decreased the time at 2.4 (CBMD-1) and 4.7 (CBMD-2) s, respectively. In addition, number of touches the electrode plate in restraint-stressed group was observed at 42.4 ea, but, restraint-stressed rats with administered CBMD-1 and CBMD-2 (300 mg/kg) were significantly decreased at 7.0 and 10.2 ea, respectively.
Introduction
Stress is a defensive reaction to harmful stressors such as physical, psychical, chemical, and social factors. The behavioral responses to stress depend on the stress type, duration, and event (Chrousos, 2009; Jaggi et al., 2011) . These physiological and biological behavioral alterations induced by stress affect various organs, which may contribute to depression, anxiety and reduced immunity as well as heart disease (Gregus et al., 2005; Novío et al., 2011) . The main symptoms of depression reported besides tiredness include nervousness, irritability, sleep disturbance, and decreased weight (Nestler et al., 2002) . In addition, several instances of depression were accompanied by anxiety, and depression with co-occurring anxiety may cause various diseases such as arousal, vigilance, and increased blood pressure (Gold and Chrousos, 2002; Nestler et al., 2002) . Therefore, many studies on stress-induced depression have reported potentially negative parameters. Psychological stress including immobilization stress and/or restraint stress has induced excessive amount of nitric oxide (NO) and nitric oxide synthase (iNOS), and acute restraint stress has led to hyperalgesia via non-involvement of adrenergic mechanisms in rats (Leza et al., 1998; Olivenza et al., 2000) . Several studies have reported the beneficial effects of the use of natural resources such as Withania somnifera, Ginkgo biloba, and Panax ginseng against acute and chronic stresses, including immobilization stress (Bhattacharya et al., 1987; Rai et al., 2003) .
Citrus fruits are one of the most popular fruits in the world, and are also commonly used for juices, pies, ice creams, and jams. Among them, the citrus juices have beneficial effects on humans because of various nutrients, polyphenols, flavonoids, and their low-fat content (Bocco et al., 1998) . Recent studies have demonstrated that drinking citrus juices reduced oxidative stress via inhibition of superoxide anion production (Ohnishi et al., 2015) , and the intake of citrus juice exhibited antioxidant activity by decreasing reactive oxygen species (ROS) levels in mildly hypercholesterolemic men (Constans et al., 2015) . Consumption of citrus juice has also shown vascular protective effects in human clinical research (Morand et al., 2011) .
Our previous study reported that citrus based mixture drink (CBMD) has strong oxygen radical absorbance capacity (ORAC) and anti-aging activities in human dermal fibroblasts (HDF) cells and hairless mice (Kim et al., 2016) . However, the beneficial effects of CBMDs against various stresses and evaluation of their toxic effects have not been studied yet. Therefore, the objective of this study was to determine the citrus flavonoid content of CBMDs using high performance liquid chromatography (HPLC) and to investigate the anti-stress effects of CBMDs on oxidative stress in HDF cells and restraint-stressed rats. In addition, the toxic effects of CBMDs on rats and their organs, such as the liver, spleen and adrenal gland, were investigated by the administration of CBMDs for 4 weeks.
Materials and methods

Sample preparation
The citrus based mixture drink powder (CBMD-1 and CBMD-2) made using Citrus sunki, Citrus sphaerocarpa, and Vitis vinifera were obtained from Hurum Co. (Hurum, Jeju, Korea) . These CBMDs were selected as representative of 20 different juice mixtures with high antioxidant activity from a pilot study. The mixtures of CBMDs were freeze-dried and kept at -20°C until use.
Determination of citrus flavonoids in the CBMDs
The citrus flavonoids were analyzed using high performance liquid chromatography system (Waters 2695 Separation Module, Waters Co., Milford, MA, USA) with Waters 996 photodiode array detector (Waters Co.) in the 200-400 nm range. The HPLC chromatograms of citrus bioflavonoids were acquired at 280 nm. The sample volume of 10 lL was injected into the Sunfire TM C 18 column (250 9 4.6 mm, 5 lm particle size) (Waters Co.) and eluted at a constant flow rate of 1.0 mL/min. The mobile phase was composed of acetonitrile and water (60:40 in 0.1% phosphoric acid, v/v) using isocratic condition. The narirutin and hesperidin contents were calculated using the standard curves.
Cell viability and protective effects on oxidative stress in HDF cells Cytotoxicity was measured using a modification of the method of Kim et al. (2016) , which utilizes the 2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-2H tetrazolium-5-carboxanilide inner salt (XTT) assay (WelGene, Seoul, Korea). The HDF cells were provided by Professor E.K. Hong (Kangwon National University, Chuncheon, Republic of Korea). The cells were cultured at 37°C in a 5% CO 2 atmosphere in Dulbecco's modified Eagles medium (DMEM, Gibco BRL, Grand Island, NJ, USA) containing 10% (v/v) fetal bovine serum (FBS, Invitrogen Life Technologies, Carlsbad, CA, USA) and 1% antibiotics (penicillin/streptomycin, v/v). To determine the viability of HDF cells, cells were seeded in a 96-well plate (1 9 10 6 cells/well), then added with an aliquot of each samples (100, 200 and 500 lg/mL of CBMDs), and incubated for 24 h at 37°C in the presence of 5% CO 2 . The XTT reagent was mixed with the phenazine methosulfate (PMS) reagent (WEL GENE, Seoul, Korea) and incubated for 4 h at 37°C in the presence of 5% CO 2 . The absorbance was then detected with a microplate reader (Molecular Devices, Sunnyvale, CA, USA) at 450 nm. To determine the protective effect of CBMDs, 1 mM of hydrogen peroxide (H 2 O 2 ) was added to induce oxidative stress to the cells after treating with the control and samples. The absorbance was measured after 3 h using a microplate reader at 450 nm (test wavelength) and 690 nm (reference wavelength).
Animals
Male Sprague-Dawley (SD)-rats (8 weeks old) were purchased from Daehan Biolink Ltd. (Ochang, Korea). Rats were housed in a climate-controlled room (22°C at 50% humidity) with 12 h light/dark cycles and with free access to food and water. All experimental protocols were approved by the Institutional Animal Care and Use Committee of Chungbuk Technopark (IACUC number OMCA-2013-011). The rats were allocated to nine groups, which included normal (n = 6), restraint-stressed before administered vehicle (n = 6), and restraint-stressed before administered diazepam and CBMDs groups using the following compounds and concentrations: 0.5 mg/kg of diazepam (n = 6), 33 mg/kg of CBMD-1 (n = 6), 100 mg/kg of CBMD-1 (n = 6), 300 mg/kg of CBMD-1 (n = 6), 33 mg/kg of CBMD-2 (n = 6), 100 mg/kg of CBMD-2 (n = 6) and 300 mg/kg of CBMD-2 (n = 6). The CBMD compounds were dissolved in distilled water and administered once daily by oral gavage for each concentration (33, 100 and 300 mg/kg/10 mL). The commercial anti-anxiety drug, diazepam (Valium, Roche Pharmaceuticals, Nutley, New Jersey) was used as a positive control (0.5 mg/kg/10 mL).
Restraint stress procedure
The restraint stress protocol was developed by Poleszak et al. (2006) . The animals were divided into nine groups as mentioned above. Normal and experimental groups were orally administered a vehicle, diazepam or CBMDs for 4 weeks and then they were submitted to restraint stress for a period of 24 h. The restraint stress restricted all physical movement without causing pain. The rats were deprived of food and water during the restraint stress period.
Treadmill test
The treadmill test was performed after 30 min following the restraint-stress. The rats were placed on a motorized treadmill with a mild motivational shock bar (Eck-6 M treadmill, Columbus Instruments, Columbus, OH, USA) at a speed of 25 cm/s for 6 min, and the total distance travelled on the treadmill was measured. A gentle touch was sufficient to keep the rats running, and electro-stimulation was applied by an electrode plate at 0.4 mA during treadmill training.
Tissue preparation and histological assays
One hour after the restraint-stress procedure, the animals were anesthetized by ether inhalation, and then blood samples were rapidly taken from the abdominal aorta. Other tissue specimens such as liver, spleen and adrenal gland were removed and kept in 10% formaldehyde solution.
The liver, spleen and adrenal gland tissues were fixed with 30% formaldehyde (v/w), dehydrated using ethanol and embedded in paraffin. Tissue slices were cut 3.5-4 mm thick using paraffin blocks with a microtome (SM2000R, Leica Instruments, Wetzlar, Germany), stained with hematoxylin-eosin before drying, and observed with light microscopy (Nikon, Labophot-2, Tokyo, Japan).
Statistical analysis
All experiments were repeated three times (n = 3). The data are presented as the mean value ± standard deviation. All statistical analyses were performed using both SAS (SAS Institute; Cary, NC, USA) and SPSS software (Version 7.5, Chicago, IL, USA). Significant differences were tested by ANOVA and Duncan's multiple range tests. Statistical significant was considered at p \ 0.05. In the treadmill test (distance, time spent on electrode plate, and number of touches of electrode plate) was analyzed by Dunnet's test for the homogeneity of variances; when the variances were considered significantly different by Duncan's test, the data were analyzed by Dunnett's T test (twosided) (Dunnett, 1955) . Statistical significant difference from restraint-stress group by Dunnet's t test was considered at *p \ 0.05 and **p \ 0.01.
Results and discussion
Citrus flavonoid content in CBMDs
Citrus based mixture drinks included excellent nutritional compounds such as ascorbic acid, polyphenols and citrus flavonoids (Kim et al., 2016) . In addition, the citrus flavonoids exhibited various biological activities, including neuro-protective (Hwang et al., 2012) , antioxidative, and anti-carcinogenic activities (Nakajima et al., 2013) . Moreover, intake of citrus juices observed beneficial effects on humans including reduced oxidative stress, decreasing ROS levels, and vascular protective effects (Constans et al., 2015; Morand et al., 2011; Ohnishi et al., 2015) . Therefore, in the current study, the content of citrus flavonoids was determined by HPLC. Among the various citrus flavonoids, narirutin and hesperidin were detected in the CBMDs (Fig. 1) . The peaks of narirutin and hesperidin were detected at 9.8 and 12 min, respectively. Comparing the two samples, CBMD-2 showed higher peaks of narirutin and hesperidin than CBMD-1. As shown in Table 1 , the content of narirutin and hesperidin in CBMD-1 were 3.16 and 4.67 lg/g sample, respectively. The content of narirutin and hesperidin in CBMD-2 were 5.70 and 8.58 lg/g sample, respectively. These results suggest that the major citrus flavonoids in CBMDs were correctly identified as narirutin and hesperidin.
Cell viability and protective effects on oxidative stress in HDF cells
The cell viability of HDF cells was related to the cell toxicity of CBMDs. Samples treated with CBMD-1 and CBMD-2 had over 100% cell viability until a CBMD concentration of 500 lg/mL was reached [ Fig. 2(A) ]. Therefore, we proceeded to investigate the protective effects of CBMDs on HDF cells under oxidative stress induced by H 2 O 2 . In Fig. 2(B) , treatment with H2O2 on HDF cells decreased cell viability (53.9%) compared with control (100%), but, cells treated with CBMD-1 (500 lg/ mL) before exposure to H 2 O 2 significantly increased (65.0%) relative cell viability compared to control (p \ 0.05). On the other hand, HDF cells treated with low concentration of CBMD-2 (100 lg/mL) also significantly increased (64.8%) relative cell viability. The treated with CBMD-2 (500 lg/mL) on H 2 O 2 exposed cells showed the greatest relative cell viability (72.2%) against oxidative stress. However, the relative cell viabilities of CBMDs were lower than the relative cell viability of our positive control NAC (83.0%). 
Body and organ weights and histological assays
The body weights of rats were measured every 3 days after administration of CBMDs and exhibited time-dependent change during the course of the experiment. However, no significant changes in body weight were observed among the control and CBMDs treated groups (Fig. 3) . Figure 4 shows the representative section and weight of various organs after administration of CBMDs. The representative image of the liver stained with hematoxylin and eosin shows that relative vesicular liver steatosis did not significantly differ among groups, suggesting the CBMDs did not affect hepatic steatosis in restraint-stressed rats [ Fig. 4(A) ]. In addition, the final liver weight of the restraint-stressed group gained 3.36 g, and the groups treated with 33 and 100 mg/kg of CBMDs exhibited quite similar liver weights compared with the restraint-stressed (3.23-3.29 g) and positive control (3.24 g) groups. However, little low liver weights were observed for groups administered at 300 mg/kg of CBMD-1 (3.03 g) and CBMD-2 (3.11 g). Figure 4(B) shows the stained spleen sections and final spleen weight for each group. The stained spleens of control, restraint-stressed, and treated with CBMDs groups were not in alveolar space; moreover, significant differences in the spleen weight in restraintstress and treated with CBMDs were negligible. However, final spleen weight of normal group showed little high and treated with positive control, diazepam was little low spleen weight. The effect of CBMDs on adrenal gland is shown in Fig. 4(C) . The histology result of the adrenal gland revealed a normal arrangement and no distinct differences between experimental groups. The final adrenal glands weight of all groups did not differ very much among the restraint-stress rats without treated with 100 lg/mL of Nornal RS RS+Dia. RS+CBMD 1 (300 mg/kg) RS+CBMD 2 (300 mg/kg) Fig. 3 Changes in body weights of rats during 4 weeks. Normal, non-restraint-stressed group; RS, administered vehicle with restraintstressed group; RS ? Dia., administered diazepam at 0.5 mg/kg with restraint-stressed group; RS ? CBMD-1, administered CBMD-1 at 300 mg/kg with restraint-stressed group; RS ? CBMD-2, administered CBMD-2 at 300 mg/kg with restraint-stressed group CBMD-1 group. The such small differences of 100 lg/mL of CBMD-1 compared with other CBMDs groups was considered experimental error. These results indicate that the rat's body and organs including liver, spleen, and adrenal glands were not affected by administration of CBMDs.
Treadmill exercise test
The comparison between the effects of CBMDs and the positive control (diazepam) on treadmill exercise in restraint-stressed rats is shown in Table 2 . Each treadmill exercise group, including those administered diazepam or CBMDs, showed slight increases in the average running distance (85.8-88.7 m) compared with the restraint-stressed group (80.6 m). In addition, a significant (p \ 0.05) decrease in both total time spent and number of touches of the electrode plate were observed in those treated with CBMDs and diazepam after restraint stress. The time spent on the electrode plate in the restraint-stressed group was at 24.1 s, but, restraint-stressed groups treated with CBMD-1 (8.7-2.4 s) and CBMD-2 (6.7-4.7 s) showed dose-dependent decreases at concentrations ranging from 33 to 300 mg/kg. In addition, the groups treated with 300 mg/kg of CBMD-1 (2.4 s) and CBMD-2 (4.7 s) were much lower than that of the positive control, diazepam (7.3 s) group. On the other hand, a similar trend was observed in the number of touches of the electrode plate. The groups treated with CBMDs (16.8-7.0 ea) were significantly decreased touches number of the electrode plate compared with RS group (42.4 ea). Moreover, administration of the highest concentrations (300 mg/kg) of CBMD-1 (7.0 ea) and CBMD-2 (10.2 ea) were more decreased the number of touches of the electrode plate than diazepam (15.8 ea). However, when tested at low concentrations (33 mg/kg), the number of touches the electrode plate in the CBMD-1 (16.8 ea) and CBMD-2 (14.6 ea) groups were comparable to that of the positive control, diazepam group. In the current study, we investigated that the CBMDs contained citrus bioflavonoids, including narirutin and hesperidin, and have protective effects on oxidative stress in HDF cells. In addition, the administration of CBMDs to restraint-stressed rats produced non-toxic effects and significantly decreased the amount of time spent and the number of touches of the electrode plate.
CBMDs are complex mixtures made by Citrus sunki, Citrus sphaerocarpa, and Vitis vinifera, and these fruits contain various bioactive flavonoids such as naringin, naringenin, hesperidin, hesperetin, rutin, nobiletin, and tangeretin (Choi et al., 2007; Kim et al., 2016) . The citrus flavonoid nobiletin isolated from citrus fruit peels improved cognitive impairment and reduced oxidative stress in mouse model study (Nakajima et al., 2013) . In addition, Hwang et al. (2012) reported that dietary citrus flavonoids could mediate neuro-protective effects in mouse b Fig. 4 Effects of CBMDs on restraint-stressed rat organs. (A) Liver representative sections and final liver weight, (B) spleen representative sections and final spleen weight, and (C) adrenal gland representative sections and final adrenal gland weight in restraintstressed rats. Means with different letters differ significantly at p \ 0.05 88.2 ± 1.6** 8.6 ± 5.0** 8.3 ± 4.5** 300 88.3 ± 0.8** 2.4 ± 1.7** 7.0 ± 3.3** RS ? CBMD 2 (mg/kg) 33 86.5 ± 0.8** 6.7 ± 2.9** 14.6 ± 3.0** 100 87.5 ± 1.6** 5.1 ± 3.8** 14.0 ± 13.8** 300 88.7 ± 0.8** 4.7 ± 2.7** 10.2 ± 6.0** Values are presented as the mean ± SD (n = 6)
Diazepam was administered at 0.5 mg/kg Statistical significant difference from RS group by Dunnet's t test was considered at *p \ 0.05 and **p \ 0.01
Protective effects of citrus based mixture drinks (CBMDs) 1807 cortical neurons. Moreover, our previous study also found that the citrus based mixture juices exhibited antioxidant and anti-aging activities because they contain various citrus flavonoids (Kim et al., 2016 ). In the current study, the CBMDs had protective effects against oxidative stress induced by hydrogen peroxide oxidation, and it was considered that the major citrus bioflavonoids, hesperidin and narirutin in the CBMDs may have biological activities. Narirutin and hesperidin are abundant citrus flavonoids and are major compounds in sweet oranges, lemons, and grapefruit (Garg et al., 2001; Park et al., 2013) . Furthermore, bioflavonoids including narirutin and hesperidin have been reported to have health benefits such as antioxidant, antiinflammatory, and vascular protective activities (Manach et al., 2003) . It was reported that narirutin showed antiinflammatory activity on allergic eosinophilic airway inflammation (Funaguchi et al., 2007) , and protective effects against ethanol-induced liver damage (Garg et al., 2001) . Additionally, hesperidin reduced plasma and hepatic cholesterols in rats (Monforte et al., 1995) , and inhibited N-butyl-N-(4-hydroxybutyl)-nitrosamine-induced carcinogenesis and 12-O-tetradecanoyl-13-phorbol acetate (TPA)-induced tumor promotion in mice (Yang et al., 1997) . Chronic exposure to restraint stress may be generate ROS in the mitochondria, chloroplasts, and peroxisomes (Zafir and Banu, 2009) , and an excessive amount of ROS may cause cellular oxidative stress, which is related to various diseases such as cancer, stroke, and aging (Cho et al., 2011) . In addition, restraint-stressed rats have alterations in antioxidant defense in their plasma (Al-Qirim et al., 2002) . Protection against restraint stress also increases the immune system and has neuro-protective effects (Okimura et al., 1986) . Therefore, the protective effect of oxidative stress is related to anti-stress activity in restraint stress. In the current study, we determined the beneficial effects of CBMDs against psychologically stressed (restraint-stressed) rats. Administration of CBMDs for 4-weeks in the rats did not much affect the rat body or organs. Park et al. (2013) also reported small changes in body and liver weights after administration of citrus narirutin fraction. Therefore, such a small change in liver, spleen, and adrenal gland weights suggest that feeding rats at high concentrations of CBMDs (300 mg/kg) is not toxic. In addition, there were beneficial effects in restraint-stressed rats post CBMDs treatment, which included decreased levels of both total time spent and total number of touches on the electrode plate. The restraint-stressed rats changed in emotional behavior and increased anxiety behavior in the open-field test (Gregus et al., 2005) . However, administration of CBMDs ameliorated restraint stress induced behavior in rats. Sub-chronic administration of the citrus bioflavonoid apigenin also decreased immobility time on the forced swimming test in mice (Yi et al., 2008) . Therefore, the above results indicate that the sub-chronic intake of CBMDs may be effective on restraint-stressed rat behavior.
The overall results demonstrated that the CBMDs contained the citrus bioflavonoids, such as narirutin and hesperidin, and had protective effects on oxidative stress in HDF cells. Furthermore, the CBMDs were not toxic to the rat body or organs including the liver, spleen, and adrenal gland. The oral administration of CBMDs for 4 weeks decreased levels of total time spent and total number of touches on the electrode plate. The current study, therefore, suggests that the sub-chronic administration of CBMDs may have protective effects on oxidative stress and restraint stress. The results also imply that the CBMDs may have potential applications in pharmaceutical and functional food industries.
